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Acoustic analysis of wet voice among patients with swallowing disorders
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Abstract

Wet voice quality (WVQ) is a characteristic that appears after swallowing. Although the concept is accepted by many
clinicians worldwide, it is nevertheless ambiguous. In this study, we investigated WVQ in patients with swallowing
disorders using acoustic analysis. A total of 106 patients diagnosed with penetration-aspiration by the videofluoroscopic
swallowing study (VFSS) were recruited. A voice recording of vowel /a/ was conducted before and after the VFSS, and an
acoustic analysis was then performed using PRAAT. Voice after VFSS was used for a perceptual judgment and divided
into two groups: the Wet group (48 patients) and the Non-wet group (58 patients). At the post-VFSS stage, the two groups
displayed significant differences in many acoustic parameters including FO_SD, Jitter, RAP, Shimmer, APQ, HNR, NHR,
FUF, DVB, and CPP. The parameter affecting judging wetness resulted into Jitter and NHR by the logistic regression test.
At the pre-VFSS stage, the two groups differed significantly in many acoustic parameters including Intensity, Jitter, RAP,
Shimmer, NHR, FUF, DVB, and CPP. Both pre-and post-VFSS, the mean values of all significant parameters, except
Intensity, HNR, and CPP, were higher in the Wet group. According to pre-and post-VFSS, the two groups displayed
interactions in many parameters (Intensity, FO_SD, Jitter, RAP, Shimmer, APQ, HNR, NHR, FUF, DVB, and CPP). In
particular, Intensity increased in both groups after the VFSS, although the increase in the Non-wet group was greater.
Based on these results, it was conjectured that the WVQ after swallowing resulted from the secretion effect of the mucous
membrane due to the dry laryngeal characteristic of elderly patients, rather than aspiration resulting in food on the vocal

cords.
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Santos ef al., 2015) 4332 © 2 77 A o]of| tfar = ol E A=
SroK(Wright, 2007), wet-dysphonic(Murray et al., 1996), wet-hoarse
(Linden & Siehens, 1983), wet phonation(Linden et al., 1993),
impaired vocal quality(Mann & Hankey, 2001), voice change with
swallow(Daniels et al., 1998) 5. & ThF}A 7]s 5 o] 4 Yt}
el A Aol EA-E2] WvQ 5742 o] 2] Al el A vEL
itk o] = xb=2] 7 Wf o] vhE Y] wjol ok, AF gl

2 342 A oo} vl$ AxE A% 9L, W Akl 5
A
[}

Fo A& 4714 ot 34 4ol Hol ol Ko} 0.51¢]
& AR Els A9 gtk o) vheet 3 el A
FEEE WVQ B A F HUH 02 FAsP e
ot

AN WA, 7194, TR, vk, A9 A7)
AN 5L, 01F TAFH AN M e 0

A 529 22 A3x4 el 5o] AUTHGroher & Crary,
2011). o] A g2 - dFol|A] HIHEHA] B st X GALS] =
AE2 74 AR Bare]] &8k 70% o) el A aFzl el gk
Rkl WA AE]E 2.9 tH(Groher & Crary, 2011).

o] A= Agehz o2 9 S (muscular atrophy)©] A
Sl=d] o] Al 2] 7] (extracelluar matrixes)©] Z=H A F<
Aol sk Hukalf-F(lamina propria)S ekl F7kel
ghael T AJui7F wes) H stiffnessyS 2] 7] $HoH(Rapoport
et al., 2018). T3 7 AJrll= =AU EHAE2](presbyphonia)E T

S 712o] T | AR Aw, okdk S, HiAEA
A]ZH(maximum phonation time, ©]3} MPT) 744>, Y2 S5, 243
gy Fo] 1 EAolt}t. drtd e S (voice quality) &
(dehydration) % &S Wro}l 2-8F YH<=(NHR, Shimmer, Jitter, FO,
S/Z ratio)o]l F-4] JFE = W, FE AFE 2%
(Shimmer, Jitter, FO, MPT)ell -4 &S FTh(Alves et al., in
press). 3FARE o] §1 AWEA Q1 @4o] imd ol A= vh= A Vet
vtk A Sl i ArelaR & A, 2006)0014 A
7kl et S ol Axgr(noise) HIEo] AR AL, 8 A5 F- 2

-

1%
&
e
dlo
1>
it
K
2
ot
Fu
]
=)
U
o
pi-
2
)
(o3
o
g
K
o}l
o
=2
o Mo

Aol o] 982 WALk S QA At 27 o
He 2 AR B2 o

=3

T

A
4
AT/ Aoy B AP

Videofluoroscopic swallowing study(VFSS) AAHE 22 1657 3¢
S o2 F1 Aol i S3kEA A3 RAP "7 &
AR o7 ApolE Beled FATelA TFastar v]F1TellA
otk SAAC 2= F24d2 AAAIT Jitter2} NHR

& = HAATE Al 21(20170)= HEF A} o
T 283 e e R AT W &

FE(delta) 2=

Zj' =2 1 A
ok abolEhs AE AR Eee RddE WEE HeE At
S A3 gt @A Aol Hlek A 7)o J

H o)A Wt
o gt o] QA E TEFTS HALh

ol & AT A BAE o w HA7 Bk
WVQ -5l & 582 W3tE A1 1z} s A+ EA=

A, VESS - WVQ 7 ek 3F 53 9l AJzh2] A
ol ZFo] 7} Ql=7k2

=, VFSS 2 WVQ -7 31 ek 7F S84 Wl 2kl 7} 9)
=78

rlr

712

s/

2. A7 9y

2.1 Ao At

2 ATE dFATA9Es] 9 521(2016-05-020-001) 3
of o]FofFlTh 2015 992017 SE7HA] H]T] QFA| =G4t
717 Ak(videofluoroscopic swallowing study, ©]3} VESS)ol| 2] &
© 277 S 122 A SHSIL VFSSOl A MPAS 4-53&
Wol Aol 2 e g4 11782 23 AE 3 Th MPAS
(modified penetration and aspiration scale)s= PAS(penetration and
aspiration scale)®] AT Z 5H(1-5) HEZ 48 52 &59]
71ER FeEo7kal A obliE A Helzhe w7 91
713 WAL 50 w8 wkg-E Kol Aol 53 S41E]
71E2 SeEo)7kaL Aol & A e 7HA R wid e = RE
578 S HIE Qvlshtt 23 <l
of Sl= Adivia| AL 2 74
|2 A1A HE 10672 A ST

7171 (Shimadzu Flexavision FD RF X-ray system,

2012%9)E ARE-stal TheFst AL Ao|(8AE, 5, & 5 mL, =
10 mL, Fhell Q@A (&Y 2, SAkg, FQ1dA o2 3]AL,
40%wivyE BGHE(EAE YA, 3R Aol Aol <=4t
o2 AFgshiA Fx7F ol A= S AR AARE
#Y ZUHE BHA MPAS S 7] AAkeIthd < of
9], 20170 ARG, & AelM= 54 Aol dAlelA Fele
B A5 vk Ao] BAIR Fol7bA] ekar ghate] kS 9l el
Aol Al 713 & st A arstal HARE eIt

A Ay A U R gl 53 dgko] 4
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© FHRlo] HE= ¥y o ® EFsllth 8] &% (stroke)
WU 55 A Mgo] ¥ F74 3 U(head-neck cancer)
W, 2] v ojeh] Aol gl sk W, 1 9l 9kl
&1, d=sto|H X ul) 2l 2577 o) 52 ¥l 3l(degeneration),
TE7] A% dm, =2, HFold 2 ARIA Al <)
2} W (medical disease) = H3ATH

106 2] ST AZ WVQ -2 X7t F7HE sk
o] Weti2 4874 (\F:91, 41:7), A7 2 304101l A] 8741702 233}
AT 69.02+13.8441 011, MPAS 472 137, 582 35
oLt H & 21 07 7P Wk, TR 31, 3 1
, B34 A3k 117, 2)8H4] A 127 0] 9T} Non-wetir <> 58
(04, 44:14), A2 3841014 90AI71A] LaEsh Bt A

2 71.19£10.354101 91tk MPAS 472 107, 582 4801
ZZol 299, 749t 61, sk 11, 3 A3k 8, o]}
A 1470 AT 1 Fx).

R

O

2 K rlo of of

HE1LOSAAR
Table 1. Demographic data of study patients

Group (N=106)
Wet Non-wet
Number 48 58
Male : Female 417 44:14
Age Mean+SD 69.02+13.84 71.19+10.35
(yrs.)| Range 30-87 38-90
4 point (13) 4 point (10)

MPAS (No.) 5 point (35) 5 point (48)
Pathogenesis

Stroke 21 29

Head-neck cancer 3 6

Aging 1

Degeneration 11 8

Medical disease 12 14

MPAS, modified penetration and aspiration scale; yrs., years

2.2. A7} 7t

AN B7IGo R AojA 8
off fAbE At Bl A58 2 A
o] 7 o]l AAABAKIH) F & A SIS B 7k
& AT A (Kang, Y. A) U5 B3l ETh

A7 B7HE 9L VFSS F 53 Bg/oke] A3t
3315 FAPER ¢ AR ol AlFEkgith wv
2 WVQZF vk 04, vk 133 (14 25, 33 Nﬂ) % s
AE 7= Ak 84 3339 RetAe
7ket7] el Zt g uitt WyvQ SA4do] T 4 QlTk Al Hd_fﬂ s
T g e el wyvQ 5] vk 13 i
W BelA wvQ 5490 vk 335 w7 =% skl
78 9+ AP PRAATE] AR EE ) v
o] F7PAF AR el shelel] thet RLE ERleHA] RoHes ©
QL B Aok v S-S g
B AR AFdel AA 106719 BE 39S 2wH
o} H7kA}F 19] Kappa THX =+ 0.82(p<0.01)°) 1L, F7HA}F 2=

s ATAHA, WAhE A7
ENPER B DR

ro o

o4 A%

0.91(p<0.01)°]1™, F 3 7k4}F 1k2] Kappa EX =& 0.62(p<0.01)
o|Qtt. F B E wiz] Sgol BYAE A4S dd HdS
o2 HAZF PILE T AAjste] HF 558 e
At} olFA HrE A3}E WVQ 082 Non-wet(58'8),
WVQ 1-3%7H4] Wet-(4878) 2.2 Ui th

(b)

1% 1. VFSS ## Amount %! Coating ¥ o A]

(a): VFSS & Amount %! Coating®] g/} “J €l , (b): VFSS &
Amount™! Coating®] profuse 1, (c): (b) thd#+2] WA 4 ARz
Figure 1. Example of Amount & Coating parameters related to VFSS
(a): example of none stage post-VFSS, (b): example of profuse stage
post-VFESS, (¢): fiberoptic endoscopic picture of subject (b)

a3} A 5 ALl AAl8e
S oF3aL B A sk
4 /3% VFSSE WA 7171
o] FAHES WS B AHlelA s 4
< VFSS A% k2 ZAJste] Aol faknbgol &
= A FAA T S5
< HolA Iy (PCM 50, Sony Corp., Tokyo, Japan)©ll 3| =4
w}o] = (Sennheiser pcl51, Sennheiser electronic GmbH & Co, KG,
Germany)g ZZo} <oA1 10 cm U] SIXIA1Z1 el ol A A A
331 Ch(input 4 level, 48 kHz Sampling rate, 24 bit Quantization).
S84 & PRAAT(ver. 6021)S AFg-38Fo] 5 A 3-8
Aesto] 127 S8k [fundamental frequency(F0), standard
deviation of FO(FO_SD), Intensity, Jitter, relative average perturbation
(RAP), Shimmer, amplitude perturbation quotient(APQ), Harmonics-
to-noise ratio(HNR), Noise-to-harmonics ratio(NHR), fraction of
locally unvoiced frames(FUF), degree of voiced breaks(DVB), cepstral
prominence peak(CPP)]E =7 3131 th(Hamming window, cross-
correlation).
VESS & AAIRE & XYY 3tS Fal S0 Aol

9] &2 % (amount of food in vallecula porch, ©]3} Amount)3}
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rkabgo] /I-FHe B+ &
]3]} Coating)S 2} 474 % Li(none, a few, moderate, profuse) = =
kit & Aol A= F HTE A1 BAAeka B
i

87 & (coating of pharyngeal wall,

3. VFSS £ WVQ 7 Je] 59 & A A3t
Table 3. Result of independent samples z-test between Wet group and
Non-wet group post-VFSS

ataL o] 8l 1571 $1all VESSSF WA AFE 17 19f] A Al 8 Mean£SD ar »
A}, Wet group Non-wet group
M o] Pol) Ag3E HA M= VESSO] 279} PRAATS] 127) Amount | 193077 | 174¢:080) | 102 | 021
i 1.85(%0. 1.66(z0. 102 21
2 A 1) Wl s WS E Hg o Frs gy ey MCRT) | O | T8 |
Foleis HAyo] o) gl S Sholsty] SlaA Itk 2 H Intensity 65.24(£6.46) 65.28(+8.38) 104 0.98
o] friz 1 S gelal] 915 BPES
e ERe = MR 2 55 FO(male) | 155.98(+34.48) | 153.00(x37.560)| 83 0.70
FO(female)| 198.04(£35.85) | 193.42(+34.03) 19 0.77
X2 EAHS EE *
HT =5 FO SD 19.93(+21.89) | 10.77(x11.89) | 69.36 0.011
Table 2. List of analyzed parameters - =
Jitter 2.16(+1.29) 0.69(+0.35) 52.98 0.000
Category Parameter (units) RAP 1.19(0.79) 0.33(0.19) 51.73 | 0.000™
VFSS Amount, Coating Shimmer | 13.47(+4.81) 7.96(3.63) 86.03 | 0.000"
Intensity (dB), FO (Hz), FO_SD (Hz), APQ 10.26(+4.27) 6.61(+3.76) 104 0.000™
PRAAT Jitter (%), RAP (%), Shimmer (%), APQ (%) HNR 8.25(+4.45) 14.21(+4.10) 104 0.000™
HNR (dB), NHR, FUF, DVB, CPP (dB) NHR 033(0.19) | 0.08(0.06) | 5556 | 0.000"
VESS, VidéOﬂuOI‘OSCOpiC Swallowing Study; FO, fundamental fre- FUF 11,19(i11.31) 2.00(i3,79) 55.77 0.000**
quency; SD, standard deviation; RAP, relative average perturbation; m
+ +
APQ, amplitude perturbation quotient; HNR, Harmonics-to-noise bvB 6.16(+8.55) 0-47(2.41) 53.22 0'000**
ratio; NHR, Noise-to-harmonics ratio; FUF, fraction of locally un- CpP 11.44(3.36) 15.47(2.82) 104 0.000
voiced frames; DVB, degree of voiced breaks; CPP, cepstral prom- $ Independent Samples r-test
inence peak " p<0.05," p<0.01

24. 5 A

i ‘3’]"7L Ao} Faste] Al 71 AP oz A}
ok A, VFSS ¥ 7&%17—} 7k WvQ ol whet
LHraL, 147 W ol 93 LA
A =Y 21 t_74z4 o7 %g]u] sk ¥

A 1~8 B R AL T 2
characteristics, ©] 3} ROC) 2. = —Er-ﬁ]é e

EA, VFSS ¥ WVQ -2 U 7
eoll 2gsto] 59 E 7Y = VFSS d A S
YRS v}

A WVQ -5 k2] VESS A% S84 JRWstE &
ofr 7] S, WHEZA EAHE A (repeated measures analysis of
variance, ©] 5} RM-ANOVA) (mixed model) & Z-&3}5ith. a2
2, 78 Al mIZkeE Fo s S W] SAEES

skt
A7}

31 WVQ Fr-oll s VFSS - & 8L A7) )= vl an
VFSS 5 WVQ - A ek 7+ 147] W5ell thell ] 53 F2
1S A3 A1 FO_SD(p<0.05), Jitter(p<0.01), RAP(p<0.01),
Shimmer(p<0.01), APQ(p<0.01), HNR(p<0.01), NHR(p<0.01), FUF
(p<0.01), DVB(p<0.01), CPP(p<0.01) = EA X 02 §9]
u] gk 2bo] & K.tk HNRSF CPP W5=2] 32 Wet K.tk
Non-wet©] T &3k, 1 8] e etﬁ—o] O E9rhaE
3 3x). F1E Amount®} Coating ¥~ R A L

ol A% S AN = frel vl ek otk

VESS, videofluoroscopic swallowing study; FO, fundamental fre-
quency; SD, standard deviation; RAP, relative average perturbation;
APQ, amplitude perturbation quotient; HNR, Harmonics-to-noise ra-
tio; NHR, Noise-to-harmonics ratio; FUF, fraction of locally un-
voiced frames; DVB, degree of voiced breaks; CPP, cepstral prom-
inence peak

=5 EE LA A Fov e U2 T E O R e
A FAE 5] A& NEA o Z fARE MrES i
Wy g = AAste]l EX Y 3]ARA (X wald 2]l
21839t} NHR, Jitter, Shimmer 2¢] W X7} 22 712
AIA] 2. ZH](odds ratio)”} 71 H 07 AXER o] 5 H ekt
7] el M=) A2] 7kA2F0.190, 1.040, 3.810) 7507 <
4] o]tz 0, 9A] oS 12 HF3) AT ZA LY I]AE
A3}, Jitter2} NHR W7} HE”Q?}‘:]'. Jitter7} 1 571k w(
%) o] 4] uf]) Wetto] 2 8-S 7.59 Z7}81aL, NHRO] 1 %7}

& w1 %] oY W) Wetwro] & &2 7.120 T7FSHCHAE 4
2z, F g 289 585 dish T35 9 (area under

curve, ©]3F AUC)=> 0.853 ©] I TIZF == 0.77, 5] =& 0.89 ©]

HE 4. 2A2E 38N A
Table 4. Result of logistic regression test

S.E df P Exp (B)
Jitter 0.74 1 0.006" 7.59
NHR 0.81 1 0.015" 7.12

$ Test for Logistic Regression
* p<0.05,"" p<0.01
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AUC 0.85 [
Cut-off 0.58 £
Sensitivity 0.77 LI

Specificity 0.89
AUC, area under curve

T y
00 02 04 06 08 10
1 -specificity

17 2. ROC(receiver operating characteristics) ¥4 =41 2 A3}
Figure 2. ROC(receiver operating characteristics) curve and result

3.2. WVQ Fr-5-ofl w2 VESS & &3k 4= vl

VESS % 4] W= Amount 2} Coating S A 2] 3 127]] W=
Hl ket 59 B8 717 23 Intensity(p<0.05), Jitter(p<0.01),
RAP(p<0.01), Shimmer(p<0.05), NHR(p<0.01), FUF(p<0.05), DVB
(p<0.05), CPP(p<0.05) 57} TAH = Fon|3k3laL, olF
CPP 2] 3 7+o] Non-wet-ol| 4] T] s9F0. ], 1} x] W=
& Wetiro] U] 3QITHGE 5 7x%0).

ES5.VFSS A WVQ -7 A ate] 51 &8 -4 A3t
Table 5. Result of independent samples #-test between WVQ groups

pre-VESS
Mean(+SD) a »
Wet group Non-wet group
Intensity 64.21(+6.56) 61.54(+7.18) 104 | 0.05
FO(male) | 158.06(x52.90) | 152.24(+39.66) 83 0.56
FO(female)| 195.71(£38.18) | 204.71(+47.39) 19 0.66
FO_SD 12.59(£13.62) | 10.58(x12.03) | 104 | 0.42
Jitter 1.63(£1.28) 0.94(x0.77) | 73.73 | 0.001""
RAP 0.88(=0.76) 0.48(£0.44) | 74.87 | 0.001"
Shimmer | 11.02(£5.42) 8.76(+4.50) 104 | 0.021"
APQ 7.84(+4.37) 7.59(x6.00) 102 | 0.81
HNR 10.88(£5.79) 12.92(+4.83) 104 | 0.051
NHR 0.22(+0.18) 0.13(£0.16) 104 | 0.007"
FUF 6.21(x10.68) 2.65(x4.99) | 63.83 | 0.026"
DVB 2.98(+5.42) 0.92(2.94) | 69.33 | 0.014
CPP 12.91(3.61) 14.41(3.04) 104 | 0.023
$ Independent Samples t-test
* p<0.05," p<0.01

VESS, videofluoroscopic swallowing study; FO, fundamental fre-
quency; SD, standard deviation; RAP, relative average perturbation;
APQ, amplitude perturbation quotient; HNR, Harmonics-to-noise
ratio; NHR, Noise-to-harmonics ratio; FUF, fraction of locally un-
voiced frames; DVB, degree of voiced breaks; CPP, cepstral prom-
inence peak

3.3. WVQ -5-oll u}2 VFSS & &3 H4= vl a
RM-ANOVA -4 A3}, A|7bef| & 2 Q1(Time) =, VFSS A
ZF 2= Intensity(p<0.01), FO SD(p<0.05), FUF(p<0.05), DVB

(p<0.05) W7} BAIA LR 2folE Bl 1, el up& 27l
(Group) ©. &= F0_SD(p<0.05), Jitter(p<0.01), RAP(p<0.01), Shim-
mer(p<0.01), APQ(p<0.05), HNR(p<0.01), NHR(p<0.01), FUF
(p<0.01), DVB(p<0.01), CPP(p<0.01) W=7} 2}o]= ®.GIc}. n}
A uko 2 VFSS A% Ak 1 45 2-8(TimexGroup)- Intensity
(p<0.05), FO_SD(p<0.05), litter(p<0.01), RAP(p<0.01), Shimmer
(p<0.01), APQ(p<0.01), HNR(p<0.01), NHR(p<0.01), FUF(p<0.01),
DVB(p<0.05), CPP(p<0.01) =l 4] ZFo] & HITHAL 6 7+32).

6. VFSS AF WVQ -7 <] RM-ANOVA 23}
Table 6. Result of RM-ANOVA between groups with/without WVQ
according to pre-and post-VFSS

Factor df F P
Time 1 19.01 0.000™
Intensity Timexgroup 1 6.09 0.015"
Group 1 1.02 0.314
Fo Time 1 0.026 0.873
Timexgroup 1 0.120 0.730
(male)
Group 1 0.299 0.586
Time 1 0.32 0.577
Fo Timexgroup 1 0.74 0.399
(female)
Group 1 0.01 0.899
Time 1 4.81 0.030
FO_SD Timexgroup 1 434 0.040
Group 1 5.41 0.022
Time 1 1.86 0.172
Jitter Timexgroup 1 14.33 0.000™
Group 1 45.62 0.000”
Time 1 1.65 0.20
RAP Timexgroup 1 13.89 0.000"™
Group 1 45.03 0.000™
Time 1 3.61 0.060
Shimmer Timexgroup 1 13.92 0.000”
Group 1 24.56 0.000"™
Time 1 1.78 0.185
APQ Timexgroup 1 10.29 0.002"
Group 1 6.19 0.014"
Time 1 2.94 0.089
HNR Timexgroup 1 25.28 0.000"™
Group 1 21.99 0.000”
Time 1 2.97 0.088
NHR Timexgroup 1 24.00 0.000”
Group 1 42.39 0.000"
Time 1 4.81 0.030°
FUF Timexgroup 1 8.18 0.005™
Group 1 26.66 0.000"
Time 1 3.96 0.049"
DVB Timexgroup 1 6.96 0.010™
Group 1 26.65 0.000"
Time 1 0.61 0.437
CPP Timexgroup 1 23.99 0.000™
Group 1 23.73 0.000"™
$ RM-ANOVA
* p<0.05, ™ p<0.01

VESS, videofluoroscopic swallowing study; FO, fundamental fre-
quency; SD, standard deviation; RAP, relative average perturbation;
APQ, amplitude perturbation quotient; HNR, Harmonics-to-noise ra-
tio; NHR, Noise-to-harmonics ratio; FUF, fraction of locally unvoiced
frames; DVB, degree of voiced breaks; CPP, cepstral prominence
peak
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VFSS & Weti-2] FO_SD, Jitter, RAP, Shimmer, APQ, NHR,
FUF, DVB W5 X7} 2453191 1, HNR, CPP ¥4 7+4:3}
At} W, Non-wet+ Jitter, RAP, Shimmer, APQ, NHR, FUF,
DVB ¥ 3|7} 7hasholan HNR, CPP= Skl 53],
Intensity < 7 7ol A VFSS & B 4553 2 1 Non-wet
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